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TANK TESTS OF A 1/5 rjLL-^SIZE DYNIMICALLY SIMILAR MODEL 
or THE AHMY OA-9 AJ^PHIBIAN WITH MOTOR-^DRI VEN 



PROPELLERS NAGA MODEL 117 
Ey John "B , Parkinson and Rclancl E, Olson 

SUMMART . 



The influence of running propellers on the hydrody- 
namic characteristics of a model of a seaplane v/ere in- 
vestigated in the NACA tanl: to evaluate the importance of 
power in tests of dynamically similar models. Various in- 
crements of power, including that sufficient for self- 
propulsion, were applied; and a gecv allowing fore-and- 
aft freedom of the model with respect to the towing car- 
riage when self-propelled was provided. 

It was found that, as in wind-tunnel work, the pow- 
ered propellers have a large effect on the aerodynamic 
characteristics of the model and consea^uently on the hy- 
drodynamic stability, v/hich depends to a certain extent 
on those characteristics- Furthermore^ the interference 
of the propellers and the slipstream wi':h the wave sys- 
tem around the hull at taxying speeds is the most sig- 
nificant factor in the problems of spray control and lim- 
itation in load imposed "by the spray. Hence the use of 
powered models is desirable in tank tests of new designs 
for a more precise prediction of stability and spray 
while taking off and landing. 

In general, the magnitude of the effects of a given 
increment of power in such tests decreases as the power 
is increased. The use of powers and revolution speeds 
that are less than the scale values would be prefera.ble 
to neglecting entirely the effects of the running propel- 
lers. Fore-and-aft freedom of the model has a negligible 
effect on the trims at which porpoising begins but changes 
the character of the motion somewhat. 



INTRODUCTION 

The influence of running propellers on the aerody- 
namic characteristics of highJ.y powered and heavily 
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loaded p.D.rplanes has "become of fundamental importance in 
design. The general effects of the slipstream are to in- 
crease lift, to increase the effectiveness of the con- 
trols, and to decrease stahilityo The phenomena involved 
are of a complex nature-, which precludes at the present 
time either an exact theoretical treatment or empirical 
research extensive enough to cover all caseso Conseq_uent- 
ly, powered models are teing widely used in wind-tunnel 
tests of new designs for a more precise determination of 
stability, control^ and flying qualities (reference l)o 

In the case of the seaplane during take-offs and 
landings, the effects of the powered propellers should l:e 
"basically ths same except as modified "by the proximity of 
the surface of the water. These effects are therefore 
factors in the determination of hydrodynamic characteris- 
tics, such as hydroaynamic stability and resistance, which 
are functions of the aerodynamic forces and moments par- 
ticularly in investigations of the porpoising characteris- 
tics of miiltiengine long-range flying hoats for which the 
percentage of wing area affected "by the slipstream is very 
largee 

Of eaual importance with the aerodynamic effects of 
the slipstream is the profound influence of the rotating 
propellers on the spray characteristics, which in contem- 
porary seaplanes constitute a limitation on maximum take- 
off load. The oh j ec t i ona"b 1 e spray is greatest at slow 
speeds and full power when it is picked up hy the propel- 
ler tips and the slipstream and "blown hack over the en- 
gines, wing, and tailo The influence of the propellers 
is therefore a factor in the determination of limitations 
in load imposed "by spray and in studies of methods of con- 
trolling the spray.. 

The foregoing considerations point to the desirabil- 
ity of the use of powered m.cdels in tank tests of models 
of seaplanes as well as in the wind-tunnel tests since 
the effects of the propellers on the aerodynamic cnarac- 
teristics or on the spray cannot he adequately taken into 
account hy other means. In addition, the use of power- 
driven propellers permits tests in which the model is 
self-propelled instead of pulled hy the towing carriage 
so that its behavior as a free body can be investigated. 
Furthermore, the increase in lift and in elevator effec- 
tiveness with power enables dynamic maneuvers, such as 
take-offs and landings, to be reproduced at water speeds 
and trims corresponding more closely with full-size va;iues 
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The present investigation was made in the NACA tank 
to determine the magnitude of the effects of powered pro- 
pellers on the hydrcdynamic stphility and the spray ch.qr- 
ac-ueristics of a dynamic modelo For this purpose-, the 
1/5 full*-*size model of the Army OA-9 amphihian wa..s fitted 
with model airplane propellers driven "by direct-current 
motors that had sufficient power for s elf -pr opul s i on and 
low enough weight to retain dynamic similarity with the 
full-size craft. The provision of scale power and pro- 
peller speed, as in the more precise wind-tunnel tests, 
was not consivdered essential for the investigation and 
would have involved additional delay end costo 



The means for investigating the effect of the longi- 
tudinal restraint imposed hy the usual towing procedure 
were provided "by a modification of the ge^r that permit- 
ted fore-and-aft movement of the model with respect to 
the towing carriage, For convenience, the usual restraint 
in roll and yaw was retained in the gear* 



DESCRIPTION OF MODEL 



The model with the motor-driven propellers installed 
is shov/n in figure 1. G-eneral data regarding the OA-9 
amphihian and the corresponding model data are given in 
table I. 

The power was supplied "by two llO-volt high-speed 
series-wound direct-current motors mounted in the exist- 
ing nacelleso These motors were connected in series 
across the 240-volt direct -current supply on the towing 
carriage, their speed "being controlled "by a series rheo- 
stat. They drove the propellers thiough special planetary- 
type reduction gears (figo 2) so de<signed that the propel- 
lers would have a speed to ahsorh the rated power when the 
motors turned at their rated speedo 

The propellers were two-olade standard wooden model 
airplane propellers having a diameter of 20 inches and a 
pitch of 12 inches. The diameter w?s chosen to corre- 
spond approximately to that of the full-size propellers 
and the pitch was selected for hest efficiency in the 
take-off range of the model. 

During runs at lov/ speeds, aluminum "spray disks" 
(figs. 1 and 2) were used to keep salt v/ater out of the 
motors, which were necessarily exposed for proper cooling. 
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Spray striking the rotating disks was deflected outward 
"by centrifugal force. Although the disks had no apparent 
effect on the static thrust of the propellers, they ap- 
parently reduced the thrust slightly at planing speeds 
and were therefore omitted in the stability tests* 

The characteristics of the power installation as com- 
pared with those corresponding to the full-size are given 
in tahle II. Actually, the rated power of the motors was 
exceeded somewhat at full voltage, which was 120 volts per 
motor» The rated revolution speed of the motors was not 
obtained in the static tests, "but testes with propellers at 
lower "blade-angle settings indicate that they turned faster 
with the model under way; hence, the gear reduction used 
was approximately correct. 

' Because of inherent differences in the characteristics 
of the motors^ the starboard propeller ran about 250 rpm 
faster than the port propeller^ The difference in thrust 
was negligible, however, and a closer balance of the motors 
was not necessary. The speed and power regulation given 
by the series rheostat was more than adequate f Or- the pur- 
pose of the tests. 

The model v/ith T)ower installed was approximately in 
balance about the design center of gravity and required 
only a small amount of lead ballast to obtain scale dy- 
namic properties. The pitching moment of inertia of the 
complete model was determined by sv/inging as a compound 
pendulum and was found to be 3^23 slug-feet^ at the start 
of the testso 



APPARATUS AND PROCEDURE 



The model v/as tested at the 6~foot water level under 
the "pusher carriage" where the airspeed near the water is 
approximately 90 percent of the carriage speedo 

The gear providing f or e-^and-af t freedom for the model 
is shov/n in figure 3o It consisted of a light carriage 
having eight ball-bearing flanged wheels that ran on four 
machined rails located at the bottom of a special towing 
pylon (figo l)c On this carriage were mounted the usual 
ball-bearing rol].ers that permit freedom in rise of the 
towing staff while restraining the model in roll and yav/^ 
Long-stroke pneumatic shock absorbers were fitted at each 
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end of the carnage travel t c s a f e<s:Ti •? r d the model during 
possihQ^ sudden changes in its speed with respect to the 
towing c arr i age o 

With this arrangement the model v;as free to pivot 
ahout the center of gravity, to rise^ and to move fore and 
aft. It was thus a free body in a fore-and-aft vertical 
plane except for the friction of the rollers and the iner- 
tia force of the moving carriage. The weight of the com- 
plete carriage was 12o5 pounds or about one-fifth the 
gross weight of the model. 

The elevators and the trim brake were operated from 
the carriage through flexible Bowden cables as in the pre- 
vious tests. Power was supplied to the motors through a 
flexible rubber-covered cable h.-^ving a safety disconnect 
plug as seen in figure 3. The small moments of the con- 
nections were taken into account in balancing the model 
about the center of gravity. 

The effects of power on the aercdynamic lift and 
pitching moment were determined at a speed of 45 feet per 
second by supporting the model cn the gear just clear of 
the water and measiiring the change of tension in vertical 
wires supporting the towing staff and the tail. Tests 
were made with the propellers stopped in a vertical posi- 
tion and with various fractions of the full-input power, 
as indicated by a voltmeter and an ammeter in the circuit. 

The effects of power on ^stability and control were 
investigated by determining the usual trim limits of sta- 
bility with predetermined increments of input power. In 
these tests, the model was free to rise and to pivot 
about the center of gravity, the fore-and-aft carriage 
being locked in a convenient position^ 

The influence of the propellers on the spray at low 
speeds was recorded for various amounts of power by motion 
pictures and photographs. The lighting for the pictures 
was arbitrarily reduced below that normally used because 
of the load of the motors on the limited auxiliary power 
supply o 

In preliminary runs with fore-and-aft freedom, the 
model with flaps down SO*^ was found to have sufficient 
power to overcome the hump resistance and to fly. It 
could not, however, propel itself at high planing speeds 
near take-off, even at best trim^ or at lower planing 
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speeds near the trim limits of staMlity, which generally 
represent wide departures from hest trim. With the flapq 
up, however, the power was sufficient to ohtam limits of 
stability when s el f -prope].! ed "because of the reduced aero- 
dynamic drag. The effect of longitudinal freedom on the 
trim limits of stability was therefore obtained for the 
flaps-up condition only. 



RESULT'S AITO DISCUSSION 



The results of the aerodynamic tests are plotted in 
figure 4c The general effects of the running propellers 
near the water were the same as found in wind-tunnel tests 
(reference 1) except th3t the shape, of the pitching- 
moment curve was not changed so ladicallye With the majci- 
mum pov;er available^ the lift coefficient was increased 
approximately 43 percent, with a small increase in the 
slope of the lift cur\'e5 and the positive increment in 
pi t ching-moment coefficient was ahout 0.11^ 

The increase in lift is roughly proportional to the 
applied power at low power but falls off at higher powers* 
Apparently, at lower power the slipstream acts to correct 
the general blanketing of the wing by the large liacelleSo 
Once the proper flow lit well e st abl i i:;h ed , further incre- 
ments of power have only a clight effect on the lift by 
increasing the slipstream veioci'ty over a relatively small 
percentage of the wing. The same trends a'pj>eaT in the 
pi t ching-moment curves, the effects in this case being 
associated with the blanketing of the tail surfaces by 
the nacelles and flaps.-. 

Aerodynamic tests at various elevator settings were 
not included in the present program but the effect of 
power on the effectiveness of the elevators near the sur- 
face of the water may be judged from figure 5o These 
curves show the minimum trim attained with full-down ele- 
vator and various amounts of power near the hump speed, 
where changes in trim correspond to large changes in hydro 
dynamic trimming moment^ Here again, the effect of a 
given increment of -power is greater at low powers, indicat 
ing a marked improvement in the flow over the tail surface 
given by a small amount of slipstream^ 
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The effect of pov:er on the trims at which porpoising 
starts (limits of stability) is shown in figure 6 to he 
quite large. The trends with increase in power are sim- 
ilar to those obtained from tests of other models with 
changes in load except for the upper limit, increasing 
trim, which was definitely not affected "by the application 
of power. The character of the porooising "beyond the 
limits was not essentially changed "by the slipstream. 
More care vtp s required in -passing throu gh the limits "be- 
cause of the greater range of available trims beyond them. 
The effect of various increments of power was generally 
similar to that obtained on lift in the aerodynamic tests. 
The influence of power on the limits of stability is there- 
fore attributed mainly to the cl'-anges in the lift and 
hence in the lO'-^.d on the ^ater, r^ith po'/er^ 

Longitudinal freedom of the center of gravity (fig. 
7) has a negligible effect on the limits of stability. 
This result confirms the similar conclusion from a theo- 
retical study by Perring and G-lauert (reference 2). It 
was interesting to note, however, that during porpoising 
the center of gravity moved appreciably fore and aft with 
respect to the towing carriage and that this movement was 
greater for the upper limit type of porpoising. The ac- 
tual travel was of the order of 1 or 2 inches and was, of 
course, reduced somewhat by the inertia of the fore-and- 
aft carriage. It was also interesting to note that con- 
siderably more power was required for s el f-propul s ion dur- 
ing porpoising than for steady running at the same trim 
and speed. 

The effect of the propellers on the spray at various 
speeds and powers is shown in fi,-;ures 8 to 13. All these 
photographs were taken with neutral elevator so that the 
effect of reduction in trim due to thrust moment was in- 
cluded. The change in trim with the application of full 
power was negligible at 14 feet per second, about 3 at 
17 feet per second, and about 4^ at 20 feet per secondo 

The greatest interference with the bow spray was 
found to occur between 8 and 14 feet per second and two 
different effects were noticed. At first the bow wave, 
normally clear of the propeller disks, was sucked up 
ahead of and into the propellers as high as their centers 
where it was broken up by impact with the blr^des and 
blown backward over the v^ings and the tail. This effect, 
seen in figures 8 and 9. would cause maximum damage to the 
propellers and wetting of the engines and carburetor 
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intakes^ At a slightly higher speed, (fig. 10) the spray 
ahead of the propeller disks was unaffected and the pro- 
peller tips were clear but the spray literally Jumped up 
into the slipstream Just aft of the tipsj where it was 
"blown hack onto the unrler surface of the wing and the 
flapso At this stage, the maximum damage to the aerody-- 
namic structure would he likely to take place* 

At 17 feet per second (fig. 11) the how spray had 
moved aft of the propeller disks and the under side of 
the wing was clear, the comhined effect of the slipstream 
and thrust moment haing to lower the height of the how 
hlister with respect to the flaps • 

At speeds above the hump (figs, 12 and 13) the effect 
of pov;er was to reduce the height and the amount of spray 
striking the horizontal tail surfaces c Throughout the 
speed range^, the effects of the running propellers on the 
spray characteristics were almost as great with l/4 power 
as with full pov;er, hut more d?=mage was sustained by the 
model at full pov/er because of the higher speed of the 
propeller tips and slipstream. 

The most important result of the sprny tests was the 
est ahl i shment of the narrow speed range helow the hump 
speed over which the maximum spray and spray damage oc~ 
curred« Unfortunately, this range is probahly greatly 
broadened in practice the presence of wind and wa^^'os* 

SUKMAHY OF RESULTS 



Aa Aerodynamic effects of powered propellers i 

1. The lift of the model was increased 18 percent 
at 1/4 power, 30 percent at l/2 power, and 43 percent at 
full power. The slope of the lift curve and the angle of 
maximum lift were slightly increased^ 

2. Tne pitching moment was increased in a positive 
direction. The slope of the pi t ching-moment curve was 
affected only slightly, 

3. Hydrodynamic effects of powered propellers: 

1. Elevator effectiveness was greatly increased* 
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2. The lov;er limit of sta"bility was lowered 3^ at 
1/4 power and 5^ at full power at 25 feet per second; 
0.3^ at 1/4 power and O.s"^ at full power at 50 feet per 
s ec ond o 

3. The upper liirdt of stability, increasing trim^ 
was not affected^ 

4. The upper limit of stability, decreasing trim, 
was lowered, general ly; at 35 feet per second the reduc- 
tion V7as 1^ at 1/4 T)ower and 2.5^ at full powero 

5. Self -pr opulsi on with f or e-and-g f t freedom of the 
center of gravity had a negligible effect on the limits of 
stability. More power was required for propulsion at con- 
stant speed wiien porpoising tiian for steady conditions. 

6r The rotating propeller blades and the sj.ipstream 
g'reatly increased the height and the volume of undesirable 
spray entering the propeller disks. The slipstream reduced 
the height and amount of water striking the tail surfaces 
at high speedso The change in spray pattern in going from 
0 to 1/4 power was greater than in going from 1/4 to full 
power o 

CONCLUSIONS 

Ic The use of powered propellers in tank tests of 
dynamically similar seaplane models is desirable for the 
adequate investigation of stability and spray character- 
istics. 

2. The magnitude of the effects of power in such 
tests decreases, in general, with additional increments 
of pov/er. Under-powering to save weight and inertia, or 
cost, would be preferable to neglecting entirely the ef- 
fects of the running propellers. 

3. For more precise investigations of stability, 
control, and dynamic properties vvhile on the water or 
determination of the limits in take-off weight imposed by 
spray characteristics for new seaplane designs, the provi- 
sion of scale power and revolution speed would probably 

b e adv i s abl e ♦ 

Langley Memorial Aer onc-^ut i c al Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Vao 
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TABLi] I 

Army OA-9 Amphibian ^ NACA HocLgI 117 



GEITEEAL LATA 



Full size Model 



Hulls 

Length of forebody, in, 175.00 35.00 

Length of aiterlDody, in. 148 .25 29.65 

Length. over-.all, in. 450.00 92^00 

Beam, in, 59.50 11^90 

Depth of main step, str.tion 16, in, 3.00 .60 

Depth of second stop, station 29, in. 4o58 .87 

Deo.d-rise angle at main step, ex- 



eluding flr.re, deg 


25 


25 


Angle 'betvreen keel linGn o-t main 
step, deg 


7.5 


7,5 


Anglo Dctv;een foi-elDody I:eel jind 
Taaso line, deg 


-2.1 


-2.1 


Angle ■bctv;een aftertody keel and 
"base line , deg 


9.6 


9,6 


Wing: 






Area, sq ft 


375 


15.0 


Span, in. 


538 .0 


117. GO 


Root cliord, in. (ITACA 23015 section) 


120.0 


24.00 


Tip chord, in, (iTACA 23009 section) 


60.0 


12.00 


Angle of Vising setting to base line, deg 


5,0 


3,0 
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TABL3 I (continued) 

Full size Model 



Mean aer odyna:.iic chord (rioA..C.) 
Length, in. 

Angle to "base lino, dog 

L.E. aft of t>o\;, in. 

L.E. forward of main stop, in* 

Propellers: 

Angle of thrust liiie to "base lino 5 • 
deg 

Height of thrust line aoovo keel 
at step J in* 

Propeller center line forv/ard L.Eo 
MoA.C, i-'. 

Gross load, normal, Ih 

Cent er- of •-gravity lo cat ion: 

Horizontal, percent M.A.C, 

Forward of step, percent length of 
MoA.C. 

Vertical, ahove liecl at step, percent 
length of M.A . 0 . 

Haximum forv;ard position, percent 
M,A,C. 

Maximum rearward position, percent 
Pitching Lioment of inertia ahout nornal 

Cegc, SlU{>ft^ 



97,40 
3 

136.05 
38o95 



57.92 

7925 

2 2 • 6 

18.2 



16,2 
29 .1 
10,636 



19,48 
3 

27.21 

7.79 



94.38 18.87 



11 ,58 
63.4 

22.6 
18 .2 
79 .2 
16.2 
29 .1 
3 .41 
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TASLS II 



Engine and 


Pr 


ope j.ler Character! sties 




OA-9 airplane T>ower 
air»-c 0 olcd engine 


plant - Tv:o 
s, Model R- 


Prntt & Whitney r 
985-17 


adial 


Propellers - Tvjo-'blr 


,d.c 


Kr.mil t on 


Standard const.ant 


spc cd 






Pull size 


Kodol 

Scale value Actual va! 


Rate d h o r s ep ov/o r , 
t aI:o-of I 




900 


3,2 


1 » O 


Rated speed, take- 
off, rpm 




23 00 


5150 


15,000 


Gear ratio 




1 1 1 


1:1 3 


.286:1 


Propeller speed, 
rp irx 




2300 


5150 


4560 


Pr o^pcllcr diameter , 
in. 




102 


20,4 


20 


Propelle r l:lade- 
angle setting at 
0^823R, deg 




12 to 23 


12 to 23 


13 


ilodel char ac to 


ristics f 


ron static test 




Pov/er 




1/4 


1/2 5/4 


Pull 


Input to ':iotors, hp 




0.77 


lo54 2.51 


3 .08 


Propeller speed, rp:: 




2500 


5300 3800 


^4150 


Static thrust, ITd 




5,8 


11,0 15.0 


^18.0 



'S st imat ed 



NACA 



Fig. 2 




Fig. 2. Model 117. Installation of motors in nacelles, 

showing reduction gear aund spray disc. 
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Figure 4.- NACA model 117 with power. Results of aeroayu*mic teat* with flaps down 30°, 

stabilizer down 5°, elevators neutral. 0^ referred to center of gravity at 
22.6 percent M.A-C. Height of center of gravity was such that afterbody was just clear 
of water at 16° trim. 
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Figure 5- NACA model il7. Effect 

of power on minimum tria 
available at speeds just beyond 
nump speed. Elevators full down, 
fxaps down 30°, 
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Figure 7.- NACA model 117. Effect of fore-and- 
aft freedom of the center of gravity 
on limits of stability. Flaps up. Po»er applied 
at each speed and trim was tnat required for 
seii-propulsion at constant speed. 
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Figure 6.- NACA model 

117. Effect 
of power on limits of 
stability. Flaps down 
30° 
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rigure 8.- Model 117, Effect of power on sprby at 8 f.p e 
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Pigiire 9a.- Uodol 117. Effect of power on spray at 11 f. p. 8, 
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Figure 9b.- Model 117. Effect of power on spray at 11 f .p. s. 
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Pigur© 10a.- Model 117. Effect of power on spray at 14 f.p.a. 
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riguxe 11.- Model 117. Effect of power on spray at 17 f.p.a. 
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Pigure 13.- Model 117. Effect of power on spray at 25 f.p.s 



